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1. TITLE OF THE INVENTION 

Semiconductor Device and a Method of Fabrication 
Therefor 

2. Abstract 
[Problem to be Solved] 

To provide a capacitor capable of preventing the 
degradation of capacitor insulator film quality due to 
hydrogen even when an insulator composed of a metal oxide 
is used as a capacitor insulator. 

[Solution] 

In a capacitor comprising a lower capacitor electrode 
116 made of Ru; a capacitor insulator 117, made of (Ba, 
Sr) Ti0 3/ that is set up on the lower capacitor electrode 
116; and a top capacitor electrode 118, made of Ru, that 
is set up on the capacitor insulator 117, a TiN x film 119 
as a hydrogen penetration-preventing film is provided on 
the top capacitor electrode 118. 

3. WHAT IS CLAIMED 

1. A semiconductor device comprising 
a semiconductor substrate; and 

a capacitor consisting of the following components 
that are formed on the semiconductor substrate: a 
first capacitor electrode, a capacitor insulator 
composed of a metal oxide that is provided on the 
first capacitor electrode, a second capacitor 
electrode that is provided on the capacitor 
insulator, and a hydrogen penetration-preventing 
film that is provided on the second capacitor 
electrode. 

2. The semiconductor device of Claim 1, wherein said 
hydrogen penetration-preventing film is an 
insulator composed of an insulator material whose 
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oxygen affinity is greater than or equal to that of 
said metal oxide. 

3. The semiconductor device of Claim 1, wherein said 
capacitor is a memory cell charge build-up 
capacitor and wherein said capacitor is formed on 
memory cell-switching transistors. 

4. A semiconductor device fabrication method 
comprising the steps of: 

forming switching transistors for memory cells on a 
semiconductor substrate; 
. creating a contact hole on said interlayer 
insulator with respect to said switching transistor 
after forming an interlayer insulator on said 
semiconductor substrate; 

forming a connecting electrode in said contact 
hole; 

forming said memory cell capacitor by forming a 
capacitor insulator composed of a metal oxide on 
the first capacitor electrode as well as a second 
capacitor electrode after forming a first capacitor 
electrode that is electrically connected to said 
switching transistor through said connecting 
electrode; 

forming a hydrogen penetration-preventing film on 
said second capacitor electrode; and 
recovering, by means of heat .treatment in a 
hydrogen atmosphere, any damage that may have 
occurred in said switching transistors. 

4. DETAILED DESCRIPTION OF THE INVENTION 
[0001] 

[Application Field of the Invention] 

This invention is directed at a semiconductor device 
with characteristic capacitors, and a fabrication method 
therefor . 
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[0002] 
[Prior Art] 

Known as a typical semiconductor memory device is 
DRAM (Dynamic Random Access read/ write Memory) that 
performs information storage operations through the 
combination of transistors and capacitors. In these 
semiconductor memory units, the microf abrication of 
devices (transistors and capacitors) has led to the 
creation of increasingly large capacity units. 
[0003] 

A crucial requirement is that, from the standpoint of 
assuring reliability during storage operations, a 
virtually constant capacitor capacity must be maintained. 
Until now, reductions in film thickness have been achieved 
by using either silicon oxide films or a laminated film 
made with silicon oxide and silicon nitride films as 
capacitor insulators, and increases in storage capacity 
have been achieved through increases in capacitor surface 
areas by adopting a 3D structure through the use of 
stacked capacitors and trench capacitors. 
[0004] 

To achieve further reductions in feature size, the 
use of materials, such as Ta 2 0 5 , with a high dielectric 
constant is being investigated. The application of 
materials with an even higher dielectric constant is also 
being considered to accommodate further increases in the 
capacity per unit area of capacitor in response to further 
advances in microf abrication . 
[0005] 

Examples of such materials may be strontium titanate 
that has a dielectric constant 50 to 100 times greater 
than the silicon oxide film; barium titanate; barium 
strontium titanate ( (Ba, Sr) Ti0 3 ) , which is a solid 
solution of the former two substances; and metal oxides 
that have a perovskite crystalline structure (high- 
dielectric constant, highly ferroelectric substances) . 
[0006] 
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On the other hand, in MOS-LSI, heat treatment 
(hydrogen-annealing) is conducted in a hydrogen atmosphere 
at the final state of the device process in order to 
remove any MOS transistor process damage that may have 
been produced by plasma irradiation and other processes 
and also to ensure stable and improved .device 
characteristics. 
[0007] 

However, capacitor insulators composed of high 
dielectric materials, such as strontium titanate, as 
mentioned above, have less binding energy than 
conventional silicon-based insulators (e.g., Si0 2 , Si 3 N 4 ) 
and are easily reduced by the presence of hydrogen, which 
is a disadvantage. 
[0008] 

For this reason, during the hydrogen annealing as 
mentioned above, the hydrogen diffuses through the upper 
capacitor electrode and reaches the capacitor insulator, 
and it can reduce the capacitor insulator and create 
oxygen deficiencies in the capacitor insulator, thus 
degrading the quality of the capacitor insulator film 

(insulation capacity) . 

[0009] 

In the way of a detailed description of oxygen 
deficiencies, Fig. 4 shows the relationship between 
standard free energy of generation and temperature in 
several metal oxides. As can be inferred from the figure 
in the case of PbTi0 3 and Bi 2 0 3 , which are oxides of Pb and 
Bi, in highly ferroelectric materials such as PZT and SBT, 
the low standard free energy of generation can cause 
reduction reactions with relative ease. 
[0010] 

By contrast, materials such as BST and Ta 2 0 3/ which 
have a relatively large value of standard free energy of 
generation, are less susceptible to reduction than PZT or 
SBT. However, in these metal oxides, oxygen tends to drop 
off partially and locally, thus creating oxygen 
deficiencies within the crystals. These oxygen 



- 5 - 



deficiencies release the so-called donor electrons, which 
increase the electrical conductivity. Thus, in materials 
such as BST and Ta 2 0 3 , as a general rule the formation of 
oxygen deficiencies tends to reduce the insulation 
capacity. 
[0011] 

For the separation of insulators between 
interconnects, plasma CVD-Si0 2 film, plasma CVD - Si 3 N 4 
film, and other insulators are used extensively for the 
separation of the insulators between interconnects; these 
insulators contain large quantities of hydrogen and tend 
to release hydrogen. 
[0012] 

Because of its small molecular radius, the hydrogen 
that has been released can easily diffuse through the 
interlayer insulator and reach the capacitor. As a result 
as in the case of hydrogen annealing, the capacitor 
insulator can be reduced or oxygen deficiencies are 
created in the capacitor insulator, thus causing 
degradation of the film quality of the capacitor insulator 
[0013] 

Such degradation of the capacitor insulator becomes 
especially pronounced when the upper capacitor electrode 
is composed of metals, such as Pt and Ru. The reason is 
that, when permeating through a metal film, such as a Pt 
film or a Ru film, hydrogen (H 2 ) dissociates into atomic 
hydrogen (H) , which is the active form of hydrogen, and 
promotes the reduction of the capacitor insulator, which 
is made up of metal oxides. 
[0014] 

With regard to a capacitor using a BST film as a 
capacitor insulator, and Ru films as upper and lower 
capacitor electrodes, when hydrogen annealing (450 deg. C, 
atmosphere containing 5% H 2 ) was actually conducted before 
and after the upper capacitor electrode was formed, the 
following results were obtained: 
[0015] 
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No degradation in film quality occurred before the 
formation of an upper capacitor electrode; however, after 
that capacitor electrode was formed, the Ru film, which 
was the upper capacitor electrode, absorbed hydrogen and 
became fragile, and created the problem of separation of 
the Ru film. Moreover, the .hydrogen that became active 
inside the Ru film especially caused the reduction of the 
capacitor insulator near the boundary with the upper 
capacitor electrode. It was confirmed that, as a result, 
degradation in film quality occurred, such as an increase 
in leak, current in the capacitor insulator. 
[0016] 

Such degradation in the film quality of the capacitor 
insulator due to hydrogen causes degradation in electrical 
properties, such as an increase in leak current or a 
decrease in the extent of spontaneous polarization. 
Furthermore, reduction reactions, even to a modest extent, 
can cause a decrease in life over a long period of 
operations. Therefore, capacitors that have these types 
of capacitor insulators, when used in DRAM and other 
devices, can cause device reliability problems, and 
especially a reduction in long-term reliability. 
[0017] . 

In addition, the inventors of the present invention 
have discovered that forming the upper capacitor electrode 

(Ru film) at a high temperature in a preliminary step 
improves the crystalline quality of the Ru film and 
increases the crystalline grain size, and that this 
procedure can significantly prevent degradation in 
capacitor insulator film quality. 

[0018] 

The reasons for this phenomenon can be inferred as 
follows: The penetration of hydrogen into the Ru film 
begins through the grain boundaries and then the hydrogen 
atoms permeate into the crystalline grains. Therefore, if 
the grain size of the Ru film is small and the 
-crystallinity is low, the grain boundary diffusion of 
hydrogen is accelerated, and the penetration of hydrogen 
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into the crystals through crystalline defects is promoted. 
Therefore, it is possible to prevent degradation in 
capacitor insulator film quality by raising the film 
formation temperature, improving the crystallinity of the 
Ru film, and increasing its grain size. 
[0019] 

Beyond the Ru film, such phenomena can be observed in 
metallic films composed of other metals of the platinum 
family, including Pt, Pd, Ir, Ph, and Os . 
[0020] 

However, even when the crystallinity of the metal film 
used in the upper capacitor electrode was improved, it was 
not possible to completely prevent the penetration of 
hydrogen into the upper capacitor electrode and the 
attendant degradation of the capacitor insulator. 

[0021] 

[Problems to be Solved by the Invention] 

As noted above, in order to assure an adequate 
capacitor capacity even with a_ further reduction in 
feature size, the use of capacitor insulators composed of 
metal oxides with high dielectric constants, such as 
strontium titanate has been proposed. 

[0022] 

The capacitor insulators composed of these types of 
metal oxides, however, suffer from the disadvantage of 
susceptibility to film quality degradation due to hydrogen. 
Therefore, capacitor insulators suffer from the problem of 
film quality degradation due to the hydrogen used during 
the hydrogen annealing process or the hydrogen released 
from interlayer insulators. 
[0023] 

The present invention has been developed in view of 
the above situation, the purposes of the present invention 
being to provide a semiconductor device capable of 
preventing film quality degradation in the capacitor 
insulator due to hydrogen even when insulators composed of 
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metal oxides are used as capacitor insulators, and to 
provide a fabrication method therefor. 

[0024] 

[Means for Solving the Problem] 

[Constitution] 

To achieve the above objectives, [Claim 1] of the 
present invention comprises: a semiconductor substrate; 
and a capacitor consisting of the following components 
that are formed on the semiconductor substrate: a first 
capacitor electrode, a capacitor insulator composed of a 
metal oxide that is provided on the first capacitor 
electrode, a second capacitor electrode that is provided 
on the capacitor insulator, and a hydrogen penetration- 
preventing film that is provided on the second capacitor 
electrode . 

[0025] • 

The hydrogen penetration-preventing film is 
preferably an insulator composed of an insulator material 
whose oxygen affinity is greater than or equal to that of 
said metal oxide [Claim 2] . Further, the aforementioned 
capacitor is a memory cell charge build-up capacitor, for 
example, and the capacitor is formed on memory cell- 
switching transistors [Claim 3] . 
[0026] 

The semiconductor device fabrication method of the 
present invention [Claim 4] comprises the steps of: 
forming switching transistors for memory cells on a 
semiconductor substrate; creating a contact hole on said 
interlayer insulator with respect to said switching 
transistor after forming an interlayer insulator on said 
semiconductor substrate; forming a connecting electrode in 
said contact hole; forming said memory cell capacitor by 
forming a capacitor insulator composed of a metal oxide on 
the first capacitor electrode as well as a second 
capacitor electrode after forming a first capacitor 
electrode that is electrically " connected to said switching 
transistor through said connecting electrode; forming a 
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hydrogen penetration-preventing film on said second 
capacitor electrode; and recovering, by means of heat 
treatment in a hydrogen atmosphere, any damage that may 
have occurred in said switching transistors. 
[0027] 

More concretely, the present invention has the 
following constitution: The capacitor insulator has (Ba, 
Sr) Ti0 3 , Pz (Zr, Ti) 0 3 , or SrBi 2 Ta 2 0 9 as its principal 
constituents . 
[0028] 

The second capacitor electrode is a conducting film 
composed principally of Ru, Pt, Ir, Rh, Pd, or Os . The 
hydrogen penetration-preventing film is either a 
conducting film or an insulator film composed principally 
of TiN x , TiSi x N y , WSi x N Y , a metal silicide, or a silicon 
nitride (e.g., Si 3 N 4 ) . 

[0029] 
[Operation] 

According to the present invention, a hydrogen 
penetration-preventing film, which is provided on the 
capacitor insulator composed of a metal oxide, through the 
second capacitor electrode, can prevent the hydrogen from 
diffusing through the second capacitor electrode and 
reaching the capacitor insulator. 
[0030] 

Therefore, the present invention can prevent 
degradation in the film quality of the capacitor insulator 
due to the reduction of the metal oxide by hydrogen. An 
example of a situation where a hydrogen-induced reduction 
can occur is heat treatment (hydrogen annealing) that is 
conducted in a hydrogen atmosphere in order to recover 
switching transistors for memory cells from process damage, 
as indicated in [Claim 4] of the present invention. 
[0031] 

It should be noted that it is not necessary for the 
hydrogen penetration-preventing film to completely prevent 
the penetration by hydrogen. It suffices that the 
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degradation of film quality in the capacitor insulator be 
inhibited to an extent that it does not pose a practical 
problem. The reason is that if the penetration by 
hydrogen is completely stopped, and if a memory cell 
transistor is underneath the capacitor, it will not be 
possible to recover the transistor from process damage by 
means of hydrogen annealing. 
[0032] 

It was also discovered that the type of film that can 
be used as a hydrogen penetration-preventing film is a 
film with a hydrogen diffusion less than the second 
capacitor electrode, a film that can remove active 
hydrogen because the film itself is subject to reduction, 
or a film that has both of these properties. 
[0033] 

For the second film that is referred to herein, it 
will be beneficial to use a film that is greater than or 
equal to a capacitor insulator in susceptibility to 
reduction, i.e., a film that is greater than or equal to a 
capacitor insulator in oxygen affinity. For the hydrogen 
penetration-preventing film material, either a conducting 
or insulating film can be used depending upon the intended 
application . 
[0034] 

Beyond using a hydrogen penetration-preventing film, 
by improving the crystallinity of the metallic film by 
forming a metallic film, such as a Ru film as a capacitor 
electrode, at a high film growth temperature, preferably 
at 300 deg. C or greater, as noted above, it will be 
possible to more effectively prevent the degradation of 
the film quality of the capacitor insulator. 
[0035] 

Among the conducting materials with which a hydrogen 
penetration-preventing film can be made are metal 
silicides, such as TiN x and TiSi x ,, and nitrogen-containing 
metal silicides, such as TiSi x N y . 
[0036] 
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These materials were chosen not only because they 
must not become fragile due to the penetration of hydrogen, 
but also because they need to be able to inhibit the 
diffusion of hydrogen. 
[0037] 

Among the insulating materials with which a hydrogen 
penetration-preventing film can be made are metal oxides 
such as Si 3 N 4 , BST, PZT , Ta 2 0 5 , and Ti0 2 . Following is a 
discussion on these constituent materials for hydrogen 
penetration-preventing films, their operating effects, and 
desirable application conditions or ranges. 
[0038], 

As a first point, generally, conducting materials 
offer the advantage of being able to function as a part of 
an electrode. The material TiN x , which has a structure 
wherein nitrogen atoms are interspersed in the Ti lattice, 
is relatively immune to the penetration and absorption of 
hydrogen. 
[0039] 

If heat treatment is not conducted after film 
formation, although the diffusion of hydrogen can occur 
with relative ease, there is no possibility of an increase 
in fragility. Therefore, from the standpoint of ease of 
film formation and processing, conducting materials can be 
used most effectively in actual processes. 
[0040] * 

Further, by conducting a preliminary high- temperature 
annealing process, it is possible to achieve a substantial 
improvement in the problem of hydrogen diffusion noted 
previously. The annealing process- should be conducted at 
a temperature of 500 deg. C or greater, an inert gas, a 
gas containing trace amounts of oxygen, or in a nitrogen 
gas . 
[0041] 

Metal silicides, such as TiSi x , are expected to 
achieve virtually the same effect as TiN x . Similarly, 
nitrogen-containing metal silicides, such as TiSi x N y , 
normally maintain an amorphous state as long as they are 
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not subjected to high-heat treatment. Therefore, in these 
materials, which do not contain any grain boundaries, the 
diffusion of. hydrogen will be extremely slow, thus 
producing an exceedingly high hydrogen penetration 
prevention effect. 
[0042] 

In actual LSI products, however, during the hydrogen 
annealing the amount of hydrogen that is supplied to the 
transistors underneath the capacitors, such as MOS 
transistors,, can become insufficient, and this creates the 
problem of a reduced transistor property improvement 
effect by hydrogen annealing. 
[0043] 

Therefore, when a film consisting of a nitrogen- 
containing metal silicide is used, the film thickness must 
necessarily be small. The desirable film thickness value 
is 50 nm or less. On the other hand, the diffusion of 
hydrogen can also be controlled in the case of insulators, 
such as oxide films. In the case of an oxide film, the 
film itself can consume the excess hydrogen through the 
reduction of the film itself into hydrogen. 
[0044] 

From the former standpoint, the silicon nitride film 
seems to be the best material. However, it must be used 
in thin films, as in the case of a film composed of a 
nitrogen-containing metal silicide, such as TiSi x N y 
mentioned above. From the latter standpoint, metal oxide 
insulator films of TST, PZT, Ta 2 0 5 , and Ti0 2 that can be 
capacitor insulators in themselves can be considered. 
[0045] 

Further, it is possible to minimize an increase in 
the number of steps as follows: forming a conducting film 
that will function as a capacitor electrode, forming 
thereon a conducting or insulating film that will function 
as a hydrogen penetration-preventing film, forming thereon 
photoresist patterns by photolithography, and successively 
etching the capacitor electrode conducting film and the 
hydrogen penetration-preventing film conducting or 
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insulating film through the use of the photoresist 
patterns . 
[0046] 

For a capacitor electrode, if metallic films such as 
Pt film, which is difficult to process by RIE, or metallic 
films, such as Ru film, which must be processed by RIE 
using an oxygen-containing reactive gas that can etch the 
photoresist must be used, it suffices to transfer patterns 
from the photoresist patterns to another film, and to 
process the Pt film or the Ru film by RIE by using the 
copy-of-pattern film as a mask. By using a hydrogen 
penetration-preventing film as a copy-of-pattern film, it 
will be possible to process Pt film, Ru film, and other 
metallic films by RIE with virtually no increase in the 
number of processes. 

[0047] 

[Embodiments] 

Following is a description of the mode of embodiment 
of the present invention ("embodiment mode") with 
references to drawings. 

(Embodiment Mode 1) Fig. 1 is a process cross-sectional 
diagram that illustrates a method for the formation of the 
DRAM memory cell of Embodiment Mode 1 of the present 
invention. This DRAM is a stacked-type DRAM wherein the 
memory cell capacitors are disposed above the word lines, 
the bit lines, and the MOS transistors for the memory 
cells. 

[0048] 

In this Embodiment Mode, we describe the cases where 
a (Ba, Sr) Ti0 2 film is used as a capacitor insulator, Ru 
films as lower and upper capacitor electrodes, and a TiN x 
film as a hydrogen penetration-preventing film. 
[0049] 

As shown in Fig. 1 (a) , a trench is formed by etching 
the surface of a silicon substrate 101, after which the 
trench is buried with a device separation insulator 102 to 
form a device separation region. The silicon substrate 
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101 is a monosilicon substrate with a resistivity of 10 
Qcm, for example, a principal plane of (100) plane, and a 
p-type conducting type. 
[0050] 

In the next step, as shown in Fig. 1 (a) , a thermal 
oxide silicon film, 6 nm thick, that will be a gate 
insulator 103; an n+ type polysilicon film that will be a 
gate electrode 104; and a tungsten silicide film that will 
be a gate electrode 105 are formed in sequence. A 
laminated film composed of these films is patterned using 
photolithography and the RIE method is used to form the 
gate insulator 103 and the gate electrodes 104 and 105. 
[0051] 

After that, the gate electrodes 104 and 105 are 
masked, and n-type dopant ions are implanted onto the 
surface of the substrate. This ion implantation is 
conducted in a lower dose and at a lower acceleration 
voltage than the ion implantation that is conducted later. 
[0052] 

In the next step, as shown in Fig. 1 (a) , a silicon ' 
oxide film that will be a gate sidewall insulator 106 is 
formed on the entire surface by means of the CVD method, 
and the silicon oxide film is totally etched by the RIE 
method in the so-called sidewall residue technique that 
leaves residues of the silicon oxide film on the sidewalls 
of the- gates 103, 104, and 105, thus forming the gate 
sidewall insulator 106. 
[0053] 

In the next step, n-type dopant ions are implanted 
onto the surface of the substrate, using the gates 103, 
104, 105, and the gate sidewall insulator 106 as a mask. 
Subsequently, annealing is conducted to activate the n- 
type dopant ions that were implanted onto the surface of 
the substrate during the previous preliminary ion 
implantation and the full ion implantation to form an n- 
type source diffusion layer 107 and an n-type drain 
diffusion layer. 108 of an LDD structure to complete an n- 
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channel MOS transistor as a memory cell switching 

transistor . 

[0054] 

Although the annealing was conducted once after the 
two ion implantation processes, annealing can be conducted 
after each ion implantation process. In the interest of 
simplicity, the LDD structure is omitted from the figure, 
and only one diffusion layer is depicted. 
[0055] 

In the next step, as shown in Fig. 1 (b) , an 
interlayer insulator 109, 100 nm thick, consisting of 
silicon oxide, is formed on the entire surface by CVD. By 
means of photolithography and RIE, contact holes are 
created in the interlayer insulator 109, at positions 
opposite the n-type source diffusion layer 107 and the n- 
type drain diffusion layer 108. 
[0056] 

In the next step, as shown in Fig. 1 (b) , plug 
electrodes 110 and 111 are buried and formed in the 
contact holes. Specifically, an n+-type polysilicon film, 
which will be the plug electrodes 110 and 111, is formed 
on the entire surface so that the contact holes are 
completely filled, and any extraneous n+ polysilicon film 
outside of the contact holes is removed by either the CMP 

(Chemical Mechanical Polishing) or etch-back method to 
form the plug electrodes 110 and 111. 

[0057] 

In the next step, as shown in Fig. 1 (b) , after a Ti 
film that will be a Ti silicide film 112 as a barrier 
metal is formed on the entire surface, by thermal 
treatment the Ti film and the plug electrodes (n+-type 
polysilicon film) 110 and 111 are allowed to react, which 
forms the Ti silicide film 112 on the surfaces of the plug 
electrodes 110 and 111. Subsequently, any unreacted Ti 
film and any* extraneous Ti silicide film outside of the 
contact holes are removed. 
[0058] 
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In the next step, as shown in Fig. 1 (b) , a tungsten 
film, which will be a bit line 113, is formed on the 
entire surface, and subsequently the tungsten film is 
patterned by means of photolithography and RIE to form the 
bit line 113. Alternatively, the dual Damascene method 
can be used to form the plug electrode 110 and the bit 
line 113. In this case, the CMP method should be used 
instead of RIE . 
[0059] 

In the next step, as shown in Fig. 1 (b) , the CVD 
method is used to form an interlayer insulator 114, 
approximately 150 nm thick, composed of silicon oxide, on 
the entire surface. After the surface is planarized, a 
via hole disposed opposite the plug electrode 110, is 
formed in the interlayer insulator 114. Notice that when 
the plug electrode 110 and the bit line 113 are formed by 
the dual Damascene process, - the resulting interlayer 
insulator 114 will be a double-layer structure. 
[0060] 

In the next step, as shown in Fig. 1 (b) , a plug 
electrode 115, composed of an n+-type polysilicon film, 
which comes into contact with the plug electrode 110 
inside the via hole is formed. This plug electrode 115 is 
formed in the same manner as the plug electrodes 110 and 
11 (sic - "110"?) 
[0061] 

In the next step, as shown in Fig. 1 (c) , an Ru film, 
200 nm thick, which will be a lower capacitor electrode 
116, is formed on the entire surface. Subsequently, the 
Ru film is patterned by photolithography and RIE to form 
the lower capacitor electrode 116. 
[0062] 

In the next step, as shown in Fig. 1 (d) , a (Ba, Sr) 
Ti0 2 film, 200 nm thick, which will be a capacitor 
insulator 117, is formed on the entire surface by CVD. In 
the case where the aspect ratio for the lower capacitor 
electrode 116 is not high, the (Ba, Sr) Ti0 2 film can 
alternatively be formed by means of the sputtering method. 
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[0063] 

In the next step, as shown in Fig. 1 (d) , an Ru film, 
approximately 50 nm thick, which will be an upper 
capacitor electrode (plate electrode) 118, is formed on 
the entire surface by either the sputtering method or the 
CVD method. Because the TiN x film 119 has a structure 
wherein nitrogen atoms are interspersed in the Ti lattice, 
it can act as a hydrogen penetration-preventing film. 
[0064] 

To increase the grain size for the Ru film and to 
inhibit the diffusion of the hydrogen in the Ru film, the 
growth of the Ru film should preferably conducted at a 
temperature greater than or equal to 300 deg. C, or, after 
the Ru film is formed, it should be annealed at an 
approximate temperature of 500 deg. C. 
[0065] 

After that, a photoresist pattern (not shown in the 
figure) is formed. This photoresist pattern is used as a 
mask to etch the TiN x film by RIE, thus transferring the 
photoresist pattern onto the TiN x film. 
[0066] 

Finally, the photoresist pattern is removed, the TiN x 
film 119 is masked, and the underlying Ru film and (Ba, 
Sr) Ti0 3 film are etched by RIE to form an upper capacitor 
electrode 118 composed of the Ru film and a capacitor • 
insulator 117 composed of the (Ba, Sr) Ti0 3 film. This 
completes the capacitor shown in Fig. 1 (d) . 
[0067] 

Subsequently, ordinary methods are employed to 
conduct an inter layer insulator process, an aluminum, 
interconnection process, and an MOS transistor process 
damage recovery process by hydrogen annealing to complete 
the DRAM. 
[0068] 

In these steps, an oxygen-containing reactive gas, 
such as a mixture of CF 4 and 0 2 , is used for the etching of 
the Ru film. This type of reactive gas, however, also 
etches the photoresist. Therefore, when an Ru film is to 
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be etched by means of RIE, patterns from the photoresist 
pattern (first mask pattern) should be transferred to a 
film that is not subject to etching, and the film onto 
which the patterns from the photoresist pattern (second 
mask pattern) are transferred must be used as a mask. For 
this reason, the patterning of Ru films requires a greater 
number of processes than the patterning of most other 
films . 
[0069] 

On the other hand, to the extent that the TiN x film 
119 exists, the capacitor of the present Embodiment Mode 
would require a greater number of processes than a 
capacitor using ordinary Ru films. In the case of the 
present Embodiment Mode, however, the TiN x film 119 can 
double as the second mask pattern mentioned above, and 
thus can eliminate the need for separately forming a 
second mask pattern. Therefore, even with the presence of 
the TiN x film 119, there is little increase in the number 
of processes. 
[0070] 

In the present Embodiment Mode, a TiN x film 119 that 
functions as a hydrogen penetration-preventing film is 
provided on the capacitor insulator 117 composed of a 
metal oxide, (Ba, Sr) Ti0 3 , through the upper capacitor 
electrode 118. Therefore, during the hydrogen annealing 
process, this structure can prevent hydrogen from 
diffusing through the upper capacitor electrode 118 and 
reaching the capacitor insulator 117. 
[0071] 

Consequently, this structure can prevent the 
reduction of (Ba, Sr) Ti0 3 by hydrogen or the degradation 
in the film quality of the capacitor insulator 117 due to 
the occurrence of oxygen drop-outs. 
[0072] 

It should be noted that it is not necessary that the 
TiN x film 119 completely prevent the penetration of 
hydrogen. The prevention effect is acceptable if it can 
inhibit the degradation of the film quality of the 
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capacitor insulator 117 to an extent that does not pose 
any practical problems. The reason is that if the * 
penetration of hydrogen is completely stopped, it will be 
impossible to recover process damage to MOS transistors, 
which are memory cell-switching transistors, by means of 
hydrogen annealing . 
[0073] 

The main cause of process damage to MOS transistors 
may be due to plasma irradiation. Plasma irradiation 
occurs, for example, during the gate electrode formation 
process using the RIE method, the interlayer insulator 
formation process using the plasma CVD method following 
the formation of MOS transistors, and the metal 
interconnect formation process using the RIE method. 
Further, process damage can be caused not only by the 
plasma itself (ions and electrons), but also by UV and R- 
ray irradiation that is associated with the generation of 
plasma. 
[0074] 

Although in the present Embodiment Mode a (Ba, Sr) 
Ti0 3 film is used as a capacitor insulator, an Ru film as 
a capacitor electrode, and a TiN x film as a hydrogen 
penetration-preventing film, the present invention is by 
no means limited to these materials; other films can also 
be used equally well. 
[0075] 

For example, instead of the (Ba, Sr) Ti0 3 film, a 
Ta 2 0 5 film can be used. Similarly, instead of the Ru film, 
precious metals such as Pt, Ir, Pd, Os, and Rh can be used. 
[0076] 

Further, instead of the TiN x film, nitrogen- 
containing metal silicides, including TiSi x N y and WSi x N y 
films, or ordinary metal silicides such as TiSi x or WSi x 
films can be used. 

(Embodiment Mode 2) Fig. 2 is a process cross-sectional 
diagram that illustrates the method of forming memory 
cells for the DRAM of Embodiment Mode 2 of the present 
invention. This Embodiment Mode differs from Embodiment 
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Mode 1 principally in the shape of the capacitor and 

attendant modifications to the processes. 

[0077] 

First, as shown in Fig. 2 (a) , a device separation 
insulator 202 is buried and formed onto the surface of a 
silicon substrate 201, and a gate insulator 203, gate 
electrodes 204 and 205, a gate sidewall insulator 206, a 
source diffusion layer 207, and a drain diffusion layer 
208 are formed in succession to complete the MOS 
transistor, which is a memory cell-switching transistor. 
[0078] 

In the next step,, as shown in Fig. 2 (a), an 
interlayer insulator 209, plug electrodes 210 and 211, a 
Ti silicide film 212, a bit line 213, an interlayer 
insulator 214, and a plug electrode215 are formed. 
[0079] 

The processes up to this point are similar to those 
employed in Embodiment Mode 1 and their details are 
therefore omitted. In the next step, as shown in Fig. 2 
(b) , an interlayer insulator 216, approximately 200 nm 
thick, composed of silicon oxide, is formed on the entire 
surface. Subsequently, photolithography and RIE are used 
to remove the interlayer insulator 216 from the capacitor 
region, and an opening 217 is formed. As a result, the 
plug electrode 215 and the surrounding interlayer 
insulator 214 are exposed. 
[0080] 

In the next step, as shown in Fig. 2 (c) , the CVD 
method is employed to form an Ru film, which will be an 
lower capacitor electrode 218, on the entire surface. The 
thickness of the Ru film is the thickness before the 
opening 217 is filled up. For a film growth gas, a 
ruthenium di-pivalyolomethane gas, for example, is used. 
[0081] 

In the next step, a SOG film (not shown in the 
figure) is buried in the opening 217, and the SOG film is 
used as a mask to remove any Ru film outside of the 
opening 217 by means of the CMP or RIE method. As a 
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result, a lower capacitor 218, which covers the bottom and 
the sides of the opening 217, is formed. Subsequently, 
the SOG film is removed* 
[0082] 

In the next step, as shown in Fig. 2 (d) , a (Ba, Sr) 
Ti0 2 film, 20 nm thick, which will be a capacitor 
insulator 219, an Ru film, approximately 50 nm thick, 
which will be an upper capacitor electrode (plate 
electrode) 220, and a (Ba, Sr) Ti0 3 film 221, 
approximately 20 nm thick, which will be a hydrogen 
penetration-preventing film, are formed in succession on 
the entire surface by the CVD method. 
[0083] 

Subsequently, a photoresist pattern (not shown in the 
figure), is formed. The photoresist pattern is used as a 
mask to etch the (Ba, Sr) Ti0 3 film 221 by either the RIE 
method or the wet etching method to transfer the 
aforementioned photoresist pattern onto the (Ba, Sr) Ti0 3 
film 221. 
[0084] 

Finally, the photoresist pattern is removed, and 
using the (Ba, Sr) Ti0 3 film as a mask, the underlying Ru 
film and the (Ba, Sr) Ti0 3 film are etched by RIE, which 
forms an upper capacitor electrode 219 composed of the Ru 
film and a capacitor insulator 219 composed of (Ba, Sr) 
Ti0 3 film, thus completing the capacitor illustrated in 
Fig. 2 (c) . 
[0085] 

Subsequently, the interlayer insulator formation 
process, the aluminum interconnect process, and the MOS 
transistor process damage recovery process by hydrogen 
annealing are performed to complete the DRAM. 
[0086] 

Although the capacitor of this Embodiment Mode 
requires an increase in the number of processes to the 
extent that the (Ba, Sr) Ti0 3 film exists when compared 
with ordinary capacitors, there is virtually no net 
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increase in the number of processes for the same reasons 

as in Embodiment Mode 1 . 

[0087] 

According to this Embodiment Mode, as in the case of 
Embodiment Mode 1, the use of the (Ba, Sr) Ti0 3 film 211 
can prevent the degradation due to hydrogen of the film 
quality of the capacitor insulator 219. 
[0088] 

Although in the present Embodiment Mode a (Ba, Sr) 
Ti0 3 film is used as a capacitor insulator, and an Ru film 
as a capacitor electrode, the present invention is by no 
means limited to these materials; other films can also be 
used equally well. 
[0089] 

Although in this Embodiment Mode the material (Ba, 
Sr) Ti0 3 is used as a hydrogen penetration-preventing film, 
other films, such as PbTi0 3 , PZT, SrTi0 3 , Bi 2 0 3 , Ta 2 0 5 , and 
other oxide films that are greater than or equal to the 
(Ba, Sr) Ti0 3 film in susceptibility to reduction, i.e., 
films that are greater than or. equal to the (Ba, Sr) Ti0 3 
film in oxygen affinity, can be used. 

(Embodiment Mode 3) Fig. 3 is a process cross-sectional 
diagram that illustrates the method for forming FRAM 
memory cells of Embodiment Mode 3. In this FRAM, the 
memory cell capacitors are disposed above any of the bit 
lines. 

[0090] 

In this Embodiment Mode, we describe the cases where 
a ferroelectric Pb (Zr, Ti) 0 3 film is used as a capacitor 
insulator, a Pt film as upper and lower capacitor 
electrodes, and a TiSi x N y film as a hydrogen penetration- 
preventing film. 
[0091] 

First, as shown in Fig. 3 (a) , a device separation 
insulator 302 is buried and formed onto the surface of a 
silicon substrate 301. Subsequently, a gate insulator 303, 
a gate electrode 304, a gate sidewall insulator 306, a 
source diffusion layer 307, and a drain diffusion layer 
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308 are formed to complete the MOS transistor, which is a 
memory cell-switching transistor. 
[0092] 

Formed in the next step, as shown in Fig. 3 (a), are 
an interlayer insulator 309, plug electrodes 310 and 311, 
a Ti silicide film 312, a bit line 313, an interlayer 
insulator 314, and a plug electrode 315. 
[0093] 

Up to this point, processes similar to Embodiment 
Mode 1 are employed, and details thereof are omitted. A 
difference, however, is that a tungsten film is use for 
the plug electrode 315. In the next step, as shown in Fig. 
3 (b) , a Pt film, 150 run thick, which will be a lower 
capacitor electrode 316, is formed on the entire surface. 
Subsequently, this Pt film is patterned by 
photolithography and RIE to form a lower capacitor 
electrode 316. 
[0094] 

In the next step, as shown in Fig. 3 (c) , a Pb (zr, 
Ti) 0 3 film, 200 nm thick, which will be a capacitor 
insulator 317, a Pt film, approximately 100 nm thick, 
which will be an upper capacitor electrode (drive line) , 
and a thin TiSi x N y film 319, approximately 300 nm thick and 
preferably less than or equal to 50 nm, are formed in 
succession on the entire surface by the sputtering method. 
The TiSi x N y film 319 normally maintain an amorphous state 
as long as it is not subjected to high-heat treatment. 
Therefore, in this material, which does not contain any 
grain boundaries, the diffusion of hydrogen will be 
extremely slow, thus producing an excellent hydrogen 
penetration prevention film. 
[0095] 

If the capacitor electrode has a planar structure, 
the Pb (Zr, Ti) O a film can also be formed by a coating 
process. Subsequently, a photoresist pattern (not shown 
in the figure) is formed, and using the photoresist 
pattern as a mask, the TiSi x N y film 319 is etched by RIE to 
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transfer patterns from the photoresist pattern onto the 

TiSi x N y film 319. 

[0096] 

Finally, the photoresist pattern is removed, and then 
the TiSi x N y film 319 is used as a mask to etch the 
underlying Pt film and the Pb (Zr, Ti) 0 3 ) film by RIE to 
form an upper capacitor electrode 318. composed of the Pt 
film and a capacitor insulator 318 composed of the Pb (Zr, 
Ti) 0 3 film, thus completing the capacitor shown in Fig. 3 
(c) . 
[0097] 

. Subsequently, the interlayer insulator formation 
process, the aluminum interconnect process, and the MOS 
transistor process damage recovery process by hydrogen 
annealing are performed by ordinary methods to complete 
the FRAM. 
[0098] 

In the present Embodiment Mode, a TiN x film 319 that 
functions as a hydrogen penetration-preventing film is 
provided on the capacitor insulator 317 composed of a 
metal oxide, Pb (Zr, Ti) 0 3 , through the upper capacitor 
electrode 318. Therefore, during the hydrogen annealing 
process, this structure can prevent hydrogen from 
diffusing through the upper capacitor electrode 318 and 
reaching the capacitor insulator 317. 
[0099] 

As a result, this structure can prevent the reduction 
of the Pb (Zr, Ti) 0 3 by hydrogen or the degradation in 
the film quality of the capacitor insulator 317 due to the 
occurrence of oxygen deficiencies in the Pb (Zr, Ti) 0 3 . 
Notice that for the same reasons as in the case of the 
TiN x film 119 in Embodiment Mode 1, it is not necessary 
for the. TiSixN y film 319 to completely prevent the 
penetration of hydrogen. 
[0100] 

Although in the present Embodiment Mode a Pb (Zr, Ti) 
0 3 film is used as a capacitor insulator, a Pt film as a 
capacitor electrode, and a TiSixNy film as a hydrogen 
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penetration-preventing film, the present invention is by 
no means limited to these materials; other films can also 
be used equally well. 
[0101] 

For example, SrBi 2 Ta 2 0 5 and other films can be used 
instead of the Pb (Zr, Ti) 0 3 film. Similarly, instead of 
the Pt film, precious metals such as Ir, Os, Rh, and Ru 
can be used. 
[0102] 

Further, instead of the TiSixN y film, metal silicide 
films, which are conducting films of TiSixN y , WSixN y , TiSi x , 
WSi x can be used. Beyond the ucting films, films of 
PbTi0 3/ Pb (zr, Ti) 0 3/ Bi 2 0 3 , Ta 2 0 5 , and other oxide films 
with a reduction susceptibility greater than or equal to 
(Ba, Sr) Ti0 3 (high oxygen affinity) can be used. 
[0103] 

It should be noted that the present invention is by no 
means limited to the embodiment modes described above. 
For example, although the above embodiment modes were 
described in terms of memory cell capacitors for DRAM and 
FRAM, the present invention can be applied to capacitors 
for other devices as well. Beyond these, the present 
invention can be implemented through a variety of 
modifications within a range does not deviate from the 
spirit of the invention. 

[0104] 

[Advantages of the Invention] 

As foregoing detailed description indicates, the 
present invention, through the use of a hydrogen 
penetration-preventing film, can prevent hydrogen from 
diffusing through the second capacitor electrode and 
reaching the capacitor insulator composed of a metal oxide, 
thus preventing the degradation in the film quality of the 
capacitor insulator. 

[0105] 
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5. BRIEF DESCRIPTION OF THE DRAWINGS 

[Fig. 1] A process cross-sectional diagram illustrating 
the method of formation of DRAM memory cells of Embodiment 
Mode 1 of the present invention. 

[Fig. 2] A process cross-sectional diagram illustrating 
the method of formation of DRAM memory cells of Embodiment 
Mode 2 of the present invention. 

[Fig. 3] A process cross-sectional diagram illustrating 
the method of formation of FRAM memory cells of Embodiment 
Mode 3 of the present invention. 

[Fig. 4] A diagram showing the relationship between the 
standard free energy of generation and temperature for 
representative metal oxides. 

[Reference Numbers] 

101: Silicon substrate 

102: Device separation insulator 

103: Gate insulator 

104: Gate electrode (N+ type polysilicon film) 
105: Gate electrode (tungsten silicide film) 
106: Gate sidewall insulator 
107: Source diffusion layer 
108: Drain diffusion layer 
109: Interlayer insulator 

110: Plug electrode (N+ type polysilicon film) 

111: Plug electrode (N- type polysilicon film; connection 

electrode) 

112: Ti silicide film 

113: Bit line 

114 : Interlayer insulator 

115: Plug electrode (N+ type polysilicon film) 
116: Lower capacitor electrode (Ru film; capacitor 
electrode 1) 

117: Capacitor insulator ( (Ba, Sr) Ti0 3 film) 

118: Upper capacitor electrode (Ru film; capacitor 

electrode 2) 

119: TiN x film (hydrogen penetration-preventing film) 
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201: Silicon substrate 

202: Device separation insulator 

203: Gate insulator 

204: Gate electrode (N+ type polysilicon film) 
205: Gate electrode (tungsten silicide film) 
206: Gate sidewall insulator 
207: Source diffusion layer 
208: Drain diffusion layer 
209: Interlayer insulator 

210: Plug electrode (N+ type polysilicon film) 

211: Plug electrode (N+ type polysilicon film; connection 

electrode) 

212: Ti silicide film 

213: bit line 

214: Interlayer Insulator 

215: Plug electrode (N+ type polysilicon film) 
216: Interlayer insulator 
217: Opening 

218: Lower capacitor electrode (Ru film; capacitor 
electrode 1) 

219: Capacitor insulator ( (Ba, Sr) Ti0 3 film) 

220: Upper capacitor electrode (Ru film; capacitor 

electrode 2) 

211: (Ba, Sr) Ti0 3 film (hydrogen penetration-preventing 
film) 

301: Silicon substrate 

302: Device separation insulator 

303: Gate insulator 

304: Gate electrode (N+ type polysilicon film) 
305: Gate electrode (tungsten silicide film) 
306: Gate sidewall insulator 
307: Source diffusion layer 
308: Drain diffusion layer 
309: Interlayer insulator 

310: Plug electrode (N+ type polysilicon film) 

311: Plug electrode (N+ type polysilicon film; connection 

electrode) 

312: Ti silicide film 
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313: Bit line 

314: Interlayer insulator 

315: Plug electrode (tungsten silicide film) 

316: Lower capacitor electrode (Pt film; Capacitor 

electrode 1) 

317: Capacitor insulator (Pb (Zr, Ti}0 3 film 

318: Upper capacitor electrode (Pt film; Capacitor 

electrode 2) 

319: TiSi x N y film (hydrogen penetration prevention film) 
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5 i©^^/i->^ 

«IWIt±K«»t6nfc)ll2©*r/t^*«t. ^©m 

[0025] r^T, 7nmmmm±m\-£* mmmavmfi 
towmttto t ra i; s ti «t o t> k ^imwhsm* s » 
j«3nitift«KTr*«^t!4»ff*bv> (it*JS2) . $ 
it, ±B*rA->^J4. «»jx.«^ ; e i J-fr;i'©«#ll«ffl 

>v 5 x^±tc0fiK^nT^-s ! b©-cfe^) (a*w3) . 
[0026] sfc, *mw\zmz>¥m#mm<D9nmxm 
(»*«4) «. *»#»gn/*u-fe;i'©x-f y?-> 

tsiii. WK3>^^ vfc-jvwzfemnM&i&fSL 

=7y*J7.ztim%mz&m.'rz>'m 1 ©**/v>^««* 
^©^ l ©*r ^5/^«S±fc*fliaiift:«i 



(4) 



&ffl¥- 11-14541 



[0 0 2 7] *«E®£DA#W&«Jfctt«T© 
j§0T&3. *r/^->^tfilWltt. (Ba. Sr) Ti 
0 3 . P z (Zr, T i ) 0 3 £fc«S r B i , T a 2 

[0 0 2 8] I2(C+t/V>^tIH Ru, Pt, I 
r, Rh. PdSfc«OsS±«J«#tt£-r*»««Tr 

**8&g&jkJKt;t. T i N, , TiSi.N,,. 
WSi.N,, £JR->U1M K*fcttSMI:->U=i> (09 

*«s i 3 n 4 ) «^«j£^^-r«««M£^ainik 

[0 0 2 9] [f^ffl] *»WK:±ntt. ftJPMMOMlft>& 
bt. **«a»JhlR!W«W6nTV»*0 , r. ***** 

[0 0 3 0] Ufc!5bT, &HRfctt#<**ic.];9&7C 

LTH, fflAfi&MSH <I»#JH4) OlHcDiiC, ;* 

^ u -t ;i/©x-f y ^ y if b 7 y * <n7u±.K — 

[0 0 3 1] **S&ftjtJKtt. *?ii©«iS£55 

£lcgfr±-r* ! b©T&<5 ! £:>g&<, ^t^->^ffiil0 

«fc 0 fffc A & < 5 6 « . 

[0032] sfc. 7k.mmmv5±i&£ l-tb, 
+/*S'*«««kOt>**©iS*©'haMK, • 

&ttcns©i«©w#©ttit*#T*JK*flya-r* - 1 

[0 0 3 3] ECT. 2#B(CStffcJStbTtt. 

[0 0 3 4] **«aWJlJH*fflV»*ieW-TH:& 
<, -hjz£©$D<. *-Wl->^a«i:bT©Ru&#©& 

SM^fflia. UKB3 o oxz&LkagtmmBevmtii 
bT£Ba;©*8»tt*Gi±3ttntf, *ir/^'>^ieiWB 
©BMos&fl; * «t o tc a «t -5 fete « . 



[0 0 3 5] **«ai»ihil©«J««»0 5-6#«ttO. 

fc©<hLTfi. TiN, , TiSi, tg©&S-> 'J 1M 

[0036] cnsotme, *na#*«*3itosaK: 

KjWIFB fc± U -5 Z. t »4»* b < ft** £ V»5 L 

[0 0 3 7] *JH*8KiJhfllO*J«»»05-6» 
f*tt©t>©fcLTtt, Si,N,. BST, PZT, T 
a 2 O s . TiOi «S©fcJRBMfc»a«*wrSft*. £4 
T, cn60*3R«aiS&±ilO*J««»fcMbT. ^© 

[0038] s-r. »«tttt»«i^i:tt*n ' 

[0 0 3 9] ddT. J*M«K:*ftfflatfT!**3«:V»»$ 

*i;*c£tt»f<, ^ • ini©eatt«**Tft«. 

[0 0 4 0] Sbl:, — J.S5MT©7^— ^sifi-rnt 
(c «t o Tittifi©***!:*© Atco t»T >b*«*ac#*«Rr 

attar* * t> l < »**©** «t» * fcttaft 

[0 0 4 1] Sfc. TiSi.^JS^'J^h't), 
T i N, ©»^-tH«RI*©»**««!WSn*. 

TiSi.N, «©a***tr*«->UtJ-f Htt. as 

Vife©<i:75:-5o 
[0 0 4 2] L^L, HIR©LS ItCfil^Ttt, 

h 7 >^^k#Me«n**»©**cF+»K:!tt o , 7K 

[0 0 4 3] IfcAbT, ****tr*JR->'J-y-f 
e.^^.JK*ffl^S«-&(Ctt. -t©J»fftt»^£4:jS«&H 

*fc*flji©*^K:j4*ne#****fi:ji7c 

[0 0 4 4] ffi#©^Ttt->U 3 vgjtiMfesns 
««, ±Mi©T iSi.N, «©Sl*«*tJ*JR'>U-y-f 

H*>sjfc*j(i©»dtra«©a*'e»* , Tr«t>aitA« 



(5) 



&ffl¥- 1 1- 1 4 5 4 1 



5fc#£.n-5. fg#<Z>j£TH:. BSTI. PZTK. Ta 

iOj, TiOj K»©*ns**wv>*tt*Bifc 

[0 0 4 5] Sfc, *W*i/*«I4:fcS5WMJt£»j* 
L. *©±K**iK8ll!fJld«t»:*WWISft:ttttlH)l 

[0 0 4 6] *-WV>^fSg£LT, R I ET0 

h a» x «, f- y yiznx L * 3K*s-&trSrt;tt^f^ 
V>£R I ET?JaX-r*j6JS**»*RuK^«>5feJR]K*ffl 

©JKK:«9U Cl<7)SiJ»M*V7.i7JrLTP tltRu 

c<tft<. p tiiteRuKa&jiuBSR i E-cini-r* 

[0 0 4 7] 

istnnxmajtm &t. His*#j«b&3ft«6**w 

©HiS©^a8 (BIT. *M»«tv»5) 

(is i ©s«e^«&) sitt. i ©aus»»tc 

%2> D R A M © * ^ 'J -fe;i/CDJgJEfc£fe **tie»rl 0 
^©DRAMU ^^r'J-bJl/©^^/t^^$7 
— 1**1, fc*y h^iat^^E'J-tJl/CDMOS h5>^ 

[0 0 4 8] **JIS#ttTtt, /t 4: LT 
(Ba, Sr) T i Oj I, T$l*<r rtzs 

±g*t;v>^littTRult, **Sia»iIJBtL 

TT i N, RS-ttl-tnfflVi&ifr&K^ViTBl^-rs. 

[0 0 4 9] 01 (a) ICiST «fc "5 ->'J3> 

^•WWtJS^r*. '>'J3>fflRl 0 ltt, 
JfcttSW* lOQcm. ±Wflt (10 0) K, S$SM#p 

[0050] mzmw (a) tc^-r«t'5fc. y-hmm 

mi 0 3£ft-5J¥£6 nm©JK«flSS''Jri>jBt. V- H 
«Il 0 4tMnt M#'J->'J3>I. y-MIl 

0 5 tJSSWyiJiJ-f HJK£«l#C#J*bfc«. dttS© 

-x>^u y-MMMti o 3. y-hiii 0 4, 

1 0 5*Wt%. 

[0 0 5 1] £©*&. h«ffil 0 4, 1 0 5£VX 
fimaflE«EE©*fl : "C , ff&'5; 



[0 0 5 2] JfcKmEl (a) K^f «fc 5 1', y-hfflfi 
itil 0 6 fcfc3»ft:->U3>JKSCVD8tfcT£ffi 
K#J5fcLfc«. E©»<fc->'J=i>BI«:R I E&tCT^M 

» 1 0 3 . 104. 105 ©fflfild*fl:S"J 31 >M£S 

fa. 

[0 0 5 3] hgCl 0 3, 1 0 4, 105&J: 

nf- hmmmmm 1 o 6$7^?cLinMt-f 
T5fc©-r ;* >a a* J:^*^ * y&x\zxm&&n\z& 

A^ntnSW«^^>4ffittftl/T, LDDJUig© 
nav-XttttS 1 0 7. nUHl^-OttlRJil 0 8* 
Mbt, j^'J-feJU©*-* y?>yh7>^^tL. 

[0 0 5 4] ft*. '^TH2t30'r^->aAO^lCS 
<h#T7x-;i/£frfto/t#. «"Y*>ttAOie8HC 

©fca&KLDD*lifitt#*U l'SOitiMlTSl/T* 

-5. 

[0 0 5 5] JfcKEll (b) {C^-r«totC. gtffc->U:3 
>>&>&fc<5JS3 10 0 nmOjgfWffifiUKl 0 94CVD 

-;p*BMiaiwBi i o 9 fcwp-r*. 

[0 0 5 6] ^(CfHlEl (b) (-^-r«t3{r. ' tl<=>©n 

v^—jv^ztn^enf^^nmi 1 o. 1 1 1 

*^ti*»f*«fc'5Kl^iBK^'5y«ai 10, 11 
1 tft^n* gjjtf'j ->'J 3>M*Jgfi£b^. 
h*-;^CDTSfen* i#U->'J3>lSI4CMP (Ch 
emical Mechanical Pol ishing)f££;£tex<.y ^/ty :7ft 
S/B^TP***-* Elicit), ^^tll 1 0, 11 
1 £»j£f *. 

[0 0 5 7] Wzmm (b) cstipl:, /n*'JT^^ 
;i/tLt©T i v'U-y-'f HJBtl 1 2 tft-5T i 

M^'Ji^'Jn^) 110, 11 1 <h££JS£it-T, ^ 
7^«ill0, 1 1 1 ©SBtcT i ->'J+K HJKl 1 
d©&. *SJS©T iM4o«tCXa>5'^ 

[0 0 5 8] ^{C|WI® (b) lC^f«k^lr, tyhSl 
1 3 i*«Wil*'^ffilC»J«L/ife«. UOWI47* h 

k*yh8H34)gs6t5. ft*. ^7 
^fSl 1 Oirfyh^l 1 3^xrLT;i/yv->>yp 
■feXT^fi£bxt)Av». zwm-Srfzte. R I Ej*©f^*3 
DiCCMPffiSrffl^-5. 

[0 0 5 9] (b) lc*-TJ:5K:, ifcy'Jn 



(6) 



<&ffl¥ 11-145410 



>i»6ft5»S 15 0 nmg«OJllEI*eEUIil'l 14$C 
VD8cfc:T£BIlC#J*U fO^ISfaifcLfci, r 

yi/mmi i ot^r*^ 7*-;u*JBWWftHkgii i 

4fcBBP-T*. ft*. ^7^11110^^7^111 

IWMMRl 1 4tt2JB£fc*. 

[0 0 6 0] (b) »C^-TJ:5(C. ^7*— 

R^ft-S^^Hl 1 5£^fi&f£. rcoy^^« 

si 1 5©*j5fcfrfctt. r^Mi io, i i©^n 

[0 0 6 1] fe01 (c) JC^t" «k?lc, TflB^-W* 
isf^M 116 <hft5J¥£ 2 0 0 nm«R uRS^ffliC 

R I EffiSffl^T/^^-— >^L. TSB^P-vAv'^ffi 

I 1 6ft»J*-r*. 

[0 0 6 2] ifctCBI 1 (d) tr^fi^lC ^^/-?->^ 
IfeiSURl 1 7t&«fS 2 0 nmffl (B a, S r) T i 
0 3 RSCVDttKT^iSfciJIMfc-r*. ft*. T»*f 
;v>^ili l 6<e>tx^ bltim<^m^tz\t, 

(Ba, Sr) T i 0 3 R©fi£RteX/-W *J£{C«koT 

frft^citfcWTf&s. 

[0 0 6 3] (d) .fcST.fc'SK. ±SMf*/t 

(?V- r-«*I) 118 <!:ft3JP£ 5 0 nmg 

Lfc*g, *©±tT iN,Ill 9 £X/1>v 
CVDSstCT^fifc-f-S. TiN.IlHH, Ti*T 

[0 0 6 4] RuRO^U-f ^-fX***^ 

RuJK©^;R«fi : *L<«3 o ox:&>±<DtftfaM&-ef7 

— a.T--;u^ff ft -5 c t««a* b V>. 

[0 0 6 5] £f. 0*L^7t hl/v7h 

At* — >&m&LL. Z.V>y* h US?X h-Al* — >S7X 
*tcUTT i N, Rl 1 9£R I EjfeKTXy =f->*f-t 
-S^ttCiO, TIN.Ill 9(C_tSB7* M/^X h 
At* — XO/t* — >£*6^-$"-5. 

[0 0 6 6] SS^C -kE?* r-U^X hAt* — >&i* 
• TiN,Il 19 4VXi?(Cl/T-?-OT©R 

uffi. (Ba, Sr) T I O, KSR I EffiCTX^f 
>yr^>^<i:iC e tD, Rul^6S5±a!+t^->^S 

II 18. (Ba, Sr) TiOjI^emt/^ 

*&igyRi i 7*»»j«sn. 01 (d) ic^r^r/t-> 

[0 0 6 7] Mffl^ffiCioTlTOiKO 
E5fi£X*g. AlEim *!7r-;n:«t5MOSh 
7 > vX * CD y o -t^ ** - vO[Hl«XSI¥*fTft t> T 
DRAM^fETS. 



[0 0 6 8] u^T, RuRCDXy^^tfTJCfctCF 

ybTbSo. ^©fc56. RuMSR I ESCTXyf 

X*At* — » <Drt# — >&iti<Z>X.y7->l/Ztlt<S.^m 
ice^L. :<D7* h Uv?X r-At* — >©At*->75*ifE 
93*lfcM (^2©T7.*At*-» STX^tCfflUft 
ttmXftSfcH. dCDfc£>. RuRCDAt*— X>*"W:iI 
?£cDR©At*-x>*\k 0 *>I@gr.##< ft&. 

[0 0 6 9] — #SI^!i<a*^Al>'*«T i N, 
Rl 1 9anMEf«»-«W\ ItORuISffl^t 

TiN.lll 9#i:aiL7 v cgl2©-7X*At*-> 
CD^SiJfc^taS©!?, Sg2a>v;2.*At* — >£giJi£jgfi£ 
-TSj&gteft^. bf:*bT, TiN.lll 9##£E 

LTt>. xg&©if;!jM;tf3:<!:A,.i:ftv>,, 

[0 0 7 0] **Jfi»»J=J:n«, ^JDmCttT 

85 (Ba, S r) T i 0 3 ^e.ft-5^-^A->^^R 
1 1 7±t£, ±«*irAV>**«l 1 8^l/T, KB 
SSBSltRtLTSKT iN.Ill 9*i|S^e.nTVi 
-SWT. ±IB7K^Tx-;ucoxeo^{c, *i!i#±SB* 

t/V>^tgl 1 8SatbT^tAy?f6ill 1 7 

[0 0 7 1] Lft^T. **K1J:0 (Ba, S r) T 
i 0 3 **jB5£Snfc0. (Ba, S r ) T i 0 3 fCgfifi 
*»#£i;Ac0T5;i<ht£J;5*WV>**&^Rl 1 7 

[0 0 7 2] ft*, T i N, il 1 911 
^CES±-T-5t>C0T&^i^Sft<, *rAt->*ifi»R 
1 1 7 ©KR©#fc*5^±W»#fcV»aflEfc8MWTr* 

S h^>^X*©7n1rX*;*-^£*^:7'x— JWCJ; 

o @^ $ -a- -s £ h a^F bj^i t ft £ t * & . 

[0 0 7 3] uit, MOSh^^yX^C/DtXy 

^-ytLTtt. ^tLTT'^x'vfigtttcaga-rsfctf) 

tzf— r-«g©J£fi£Xg, MOS r-^>:xX*©J£j5£|£ 
097°7X-7CVDftSffl^fcI^lfiiii©Mll, R 

p-trxy^-^«^7Xve# (-f:*>. «T) tcj;5 
t>©/£ttT«ft<:, y7XvMl:#oT4i;5iS« 

[0074] ft*, ***»»t?»4, Jrvrtispmrnm 

tLT (B a, S r) T i O s I, /^~>?mMt L 
TRuR<&. **jSaKrihflttUTT i N x RSr-en^? 

[0 0 7 5] ^IJA«, (Ba. Sr) TiO, lOftfe 



(7) 



ftfflW- 1 1 - 1 4 5 4 1 



OtC. Ta, O, DWtJBI'VC'b&V*. Sfc, Rul© 
ftt>Z)\Z, MtUSP t. I r. Pd, Os, Rh^fflf 

CO 0 7 6] T i N, ^Of^toOJd. mfcfT i 

S I, N, I, WS i, N, H&§©g3S£-&tr&JS->y ' 
■fr-f HK. £7c«T i S i, K. WS i, 13§;©a#© 

kit. **/t->:*©»#&*ftfc:fl i 3:/nirX©aMET 

[0 0 7 7] 02 (a) fc*-r«k5K. ->'Jn> 

SS2 0 1 ©£H£X?#MiKiUR2 0 2 £JS#&3-J& 
fi£U ttlr»Ty-M6IMl2 0 3, y-hf!2 0 4, 

205, *f—hMm.$&mm2 o 6. v— zmmm2 o 

7, HP-Y>t£SS2 0 8 Sr^figL, t^WUOX-i 
7f>yh7>yXm5MOS r-^^X^SSS* 

[0 0 7 8] &tC|10 (a) tCwfJ^K. mWOO/IM 
2 0 9. y^ifmM2 10, 2 11, T i ->'J+r-f Kl 
2 1 2, h^2 1 3. MUHfilUR2 1 4, 

S2i5 s^-r-s. . 

[0079] cc*-r©iatt*i©*;K#»£Hi;fc 
©T-tofBlffltt^B&TS. &tc0 2 (b) {d^-rJ;5 
i£, gtft->'J:3>^e>ft5/P£2 0 0 nmg*©e^*6 
WH2 1 6*^jBt»l«bfc«. 7*h'JV^77^S 
*5«fcOCR I Efe*fflViT^V/ , ?->^®^C0^ra^M2 
1 6£Bfc£U IWPg&2 1 7^Mt5. f 
7^t!2 1 5£J:;^©nH©Jimi&HK2 1 '4 jQKfB 

[0 0 8 0] #K102 (c) {r^-TJ:^i'. TgB^-V/t 
->^«®2 1 8t!4*RuBl*CVDj*tT^Sfc»J* 
T<3. RuJK©IRJVtt< HP«2 1 7*^*3 flfcWP 

[0 0 8 1] K\Z^un>2 1 7rtK:H*l/ft^SOGJK 
Cl©SOGffi[S:V7 l ^iCbT^PBe2 1 7 
*V©Ru«SCMPft4fcttR I ESfcT**f*. C 
OIS*. nnffi2 1 7G)j£Bi5«J:Utffl®2rffi«-rSTSB 

+-^/v>^ 2 1 8*<j^jse$na. z.v>'&. soGiti 
[0 0 8 2] &fciiia (d) i:st±5t. ^t/tv/? 

*6i@yK2 1 9 t%.2>m-£ 2 0 nm© (B a, S r) T i 

o, jr. ±.tt>**/Ms*nm cju-hmm) 220 1 

fcZmZ 5 0 nmS&©RuK. *^§SB&±MiUT 
©Jl£ 2 0 nml|® (B a. S r) T i 0 3 HS2 2 1 
*CVDttKT**^iBfc»JsW«. 
[0 0 8 3] ST. HwUV>7*H^^h 



i'CUT (Ba. Sr) T i O, 12 2 1 I Eftt 

0, (Ba, Sr) T i 0,12 2 1 \Z±tH7 * h 

[0 0 8 4] mWZ. ±VZ7* M/yX Yrtf — >ZM 
mistz&, (Ba. Sr) T i O s l2 2 1 C 
LT-£-©T©Ruii£, (Ba. Sr) TiO, 1SRI 
EmzT^y^>y-r2>Z\t\Z£K>, Rul^6!i5± 
gB*WV>^tt&2 2 0. (Ba. Sr) T i O a JRfr 

t>tzz>*vn : i/$m®M2 i 9**»j«sn. 02 (c) 
ic^-r * -v /t s> * a<ssj£-r . 
[0085] ^©i^, w%v>jjmz&-o-zm?iyimm>e> 

f^Ii, A 1 i£ili, *i7r-;W:j;5MOSH 
7 ^ ©^P-feT-^^ — ^©IIJ«IfS^£fT &o T 
DRAM^fS't^. 
[0 0 8 6] **K»IB© ; *'W , «S'5'tt. (Ba. S 
r) T i 0 3 12 2 1 ##ft-r5#£*tt. a*©**/* 

[0087] sfc. 2)£*si^{c«tn«. mi©*jg^ 

tt£mtitC. (Ba, Sr) TiO s l2 1 llCtD. 
7}imiz&2>3r<rA->5>mmB&2 1 9©lK©^t;*teih 
•V^ZZolZttZ. 
[0 0 8 8] ft**. **«5»llBTtt, ^W^v^^l 
tLT (Ba. Sr) T i O, I, ^tA^tltt 

TRum&^ti'enm^T^ztf. znzizmzzti-r 

[0 0 8 9] **MSE»ttTtt, ^§S!55±)K 

tLTB (Ba. S r) T i O a £rfflV>T<^-5#, ^tl 
JSWCP bT i Q 3 1, PZTI. SrTiOj 1. B 
i 2 0 3 . Ta, O s ISHCfetLT (Ba..S r) 

t i o 3 mtftmfr^ti&vhmTc-zn^-r^mkm. 

mmx.n\Z (B a, S r) T i 0 3 

os 3 ©ussj&io 03(i *mw<D&3<Dmmtemiz 

m& F R AM© * ^ 'J •fe^W^Tjffi^^TXgWffiS 
^©FRAM«. ^tUtMD^t /Sv^Srfcf 
<v r-^J; 0 fe±tcBEM-r-5^-r^"©t>©T$.S. 
[0 0 9 0] **Jfi^Ttt, *V^->^«8ItbT 
^i#TS5Pb (Zr. Ti) 0 3 1. TSB+W^ 

fSKJhltLTT iSi.N, l^n^tlffl^/fcit 

[0 0 9 1] 03 (a) fr^T <ke>t'. ->'Ja> 

0 1 ©«ffi5C^«-8i*eiff:JK 3 0 2 $:aJ6ji*.^ 
fi£L. iggViT-r-hSefifelS 0 3. f— !-m®3 0 4. 
3 0 5, y- hftiaiffilUit 3 0 6. V-^i£«lB 3 0 
7. h'K>ffifI3 0 8£7£j5£U ^^EU-fe^WX-f 



(8) 



1 - 1 4 5 4 1 



[0 0 9 2] wzmw (a) tc^-r^ic mmmmm 

3 0 9. -fyifrnm. 3 10, 311, Ti v'J+r-f KJSt 
3 1 2., f7 h«&3 1 3. BW*feajK3 1 4, 77ft 
S3 1 5 

[0093] £cs-e©istt*i©*i!*»fcraufc 

©T^©ttMtt*irrS. ifci£U ^7^«ffi3 1 5K 
WR*flit»SjftttJl&-3TH*. «K:H3 (b) \Z7P-T 
±■51:. TS+t/V>^tS3.1 6 <hft5)?£ 1 5 0 n 
mOP tR«r£ffifcJ&J*L;fc&. iOPti$7*h'J 

*tyV>*U3 1-6t»«tS. 

[0 0 9 4] *C0 3 (c) \Z^T£o\Z, + */v>^ 
&&R3 1 7 <hft5JPS 2 0 0 nmfflP b (Zr. T 

i) 0 3 At. ±.®*r^~>?mM iYv^ZfU) tt£Z> 
JPSlOOnmSSCPtl, (IS 3 0 0 nmgS, ft 
*b<H5 0 nm£tT©»V^T iSi,N,l319$ 
X/Ty^ffiKT)B^iBK:»J«r*. T i S i , N y JBt 
3 19H a*KiBJ&««ff&fc&WRD 7*^7 7-;* 

•<. 

[0 0 9 5] ft*. **/X->^«*««5Fffl«JST*a» 
Pb (Zr, Ti) O, *t*a*ttfcT»rtT 

l/yXh/^->$Ml/, ^©7*hl/yXF/t?- 
^VX^KLTT iSi, N, JK3 1 9£R I EftlC 
TXy^>^-r^^i:(C«fcD, TiSi, N.1319 

[0 0 9 6] ft&tC, ±E7*hU"^Xh/^^->*fi 
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